We report an analysis of the Λ 
I. INTRODUCTION
Due to the high b-quark mass, weak decays of baryons containing a b quark are a good testing ground of some approximations in quantum chromodynamics (QCD) calculations, such as heavy-quark effective theory (HQET) [1] . Alternatively, when using such calculations, the Λ 0 b may provide a determination of the Cabibbo-KobayashiMaskawa (CKM) couplings with systematic uncertainties different from the determinations from the decays of B mesons [2] . While the B mesons are well studied, less is known about the Λ [5] .
This paper reports a study of the Λ decays from particles whose trajectory projections in the plane transverse to the beamline do not intersect the beamline (displaced tracks). The signal yields of interest are extracted by fitting mass differences to minimize the effect of systematic uncertainties. As a crosscheck, we repeat the analysis on the reference decay modes
The structure of the paper is as follows. Section II describes the detector systems relevant to this analysis. Event selection and Λ
candidate reconstruction are described in Sec. III. In Sec. IV we present the signal yields. In Sec. V we describe the evaluation of the detector acceptance and the relative branching fraction measurements, while in Sec. VI the systematic uncertainties are discussed. Final results are reported in Sec. VII.
II. THE CDF II DETECTOR AND TRIGGER
The CDF II detector is a multipurpose magnetic spectrometer surrounded by calorimeters and muon detectors. The components relevant to this analysis are briefly described here. A more detailed description can be found elsewhere [6] . A silicon microstrip detector (SVX and ISL) [7] and a cylindrical drift chamber (COT) [8] immersed in a 1.4 T solenoidal magnetic field allow the reconstruction of charged particle trajectories in the pseudorapidity [9] range |η| < 1.0 [10] . The SVX detector consists of microstrip sensors arranged in six cylindrical shells around the beamline with radii between 1.5 and 10.6 cm, and with a total z coverage of 90 cm. The first SVX layer, also referred to as the L00 detector, is made of single-sided sensors mounted on the beryllium beam pipe. The remaining five SVX layers are made of doublesided sensors and divided into three contiguous five-layer sections along the beam direction z. The two additional silicon layers of the ISL help to link tracks in the COT to hits in the SVX. The COT has 96 measurement layers between 40 and 137 cm in radius, organized into alternating axial and ±2
• stereo superlayers. The charged particle transverse momentum resolution is σ pT /p T ≃ 0.07% p T (GeV/c), and the resolution on the transverse distance of closest approach of the particle trajectory to the beamline (impact parameter, d 0 ) is ≈40 µm, including a ≈30 µm contribution from the beamline.
Candidate events for this analysis are selected by a three-level on-line event selection system (trigger). At level 1, charged particles are reconstructed in the COT axial superlayers by a hardware processor, the Extremely Fast Tracker (XFT) [11] . Two charged particles are required with transverse momenta p T ≥ 2 GeV/c. At level 2, the Silicon Vertex Trigger (SVT) [12] associates SVX r − φ position measurements with XFT tracks. This provides a precise measurement of the track impact parameter d 0 . We select b-hadron candidates by requiring two SVT tracks with 120 µm ≤ d 0 ≤ 1000 µm. To reduce background from light-quark jet pairs, the two trigger tracks are required to have an opening angle in the transverse plane 2
• ≤ ∆φ ≤ 90
• . The tracks must also satisfy the requirement L T > 200 µm, where L T is defined as the distance in the transverse plane from the beam line to the two-track intersection point, projected onto the two-track momentum vector. The level 1 and 2 trigger requirements are then confirmed at trigger level 3, where the event is fully reconstructed.
III. EVENT RECONSTRUCTION
The search for Λ
candidates begins with the reconstruction of the Λ + c using the three-body decay Λ
. Three tracks, assumed to be a kaon, a proton, and a pion, with a total charge of +1, are fit to a common vertex. No particle identification is used in this analysis. All particle hypotheses consistent with the candidate decay chain are considered. Additional selection criteria (cuts) are applied on fit probability (P (χ 2 (Λ 
) is the impact parameter of the reconstructed Λ 0 b candidate relative to the beamline and ∆R(π − π + π − ) is the maximum ∆η 2 + ∆φ 2 distance between the two pions in each of the three possible pairs of pions. We verified that by splitting the data sample in two independent samples, the optimization procedure yields the same final selection criteria when applied separately to the two samples, and that the Λ
This ensures that our optimization procedure does not introduce a bias on the branching fraction measurement. To reduce possible systematic effects in the estimate of the reconstruction efficiency due to Monte Carlo simulation model inaccuracy, the same selection cuts optimized for Λ 
IV. DETERMINATION OF THE SIGNAL YIELDS
2 . Backgrounds include misreconstructed multibody b-hadron decays (physics background) and random combinations of charged particles that accidentally meet the selection requirements (combinatorial background). We use an unbinned extended maximumlikelihood fit to estimate the Λ + natural width is mass dependent to take into account the threshold effects, as reported in Ref. [14] , the Λ c (2625) + natural width and the width of the Gaussian resolution function are free parameters of the fit. Table I reports the estimated signal yields and significances, evaluated by means of the likelihood ratio test, LR ≡ L/L bck , where L and L bck are the likelihood of the signal and no signal hypotheses, respectively [16] . Table I with lower significance. The fitted masses and widths of the four resonances are in agreement with the world averages [3] and the recent CDF II measurements [14] . 
The residual Λ 
V. MEASUREMENT OF THE RATIO OF BRANCHING FRACTIONS B(Λ
We measure the following ratio of branching fractions:
where N are the measured signal yields reported in Table I , and the sum on the intermediate "i" states includes Λ c (2595
In the last state, we assume equal proportions of the three decay modes Λ 
All corrections are determined from the detailed detector simulation. The bgenerator program produces samples of specific B hadron decays according to measured p T and rapidity spectra [19] . Decays of b and c hadrons and their daughters are simulated using the evtgen package [20] . The geometry and response of the detector components are simulated with the geant software package [21] and simulated events are processed with a full simulation of the CDF II detector and trigger. The resulting estimated corrections ǫ Fig. 5 . The difference between the values computed with the average and the minimum (maximum) efficiency correction, respectively, is taken as an estimate of the lower (upper) associated systematic uncertainty.
The unpolarized Λ As a cross-check of the analysis, we also measure the relative branching fraction B(B 
.06 ± 0.25(stat) is in good agreement with the value calculated from the measured absolute branching fractions of the B 0 decay modes reported in Ref. [3] . 
2) × 10 −3 [22] . The first quoted uncertainty is statistical, the second is systematic, and the third is due to the uncertainty on the Λ
0.62 ± 0.11 ± 0.05 ± 0.23
1.81 ± 0.21
1.67 ± 0.29 ± 0.10 ± 0.61
1.89 ± 0.57 
VII. RESULTS
We measure the relative branching ratio of Λ (Table III) . These results are of comparable or higher precision than existing measurements.
VIII. CONCLUSION
In summary, we reconstruct the Λ 
We measure the branching fraction of the resonant decay modes relative to the Λ 
